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E60 - Material Technology - 3. Properties and use of the 
material s 



Metallic coatings 



These are achieved galvanically , through hot dip 
coatings, metal spraying, plating or through diffusion as 
well as through vapour deposition. 

Galvanic coatings 



They are produced through electrolysis in appropriate 
baths (acids or aqueous solutions) of the relevant " metal 
salts. The thickness of the coating thereby depends upon 
the current density and the exposure time (coating 
thickness usually up to 10 um) . Due to the varying 
current density on edges and indentations the coating 
thickness is not entirely uniform. A precondition for 
good adhesion of the coating is a grease-free and oxide- 
free surface (degreasing, pickling) and a precondition 
for effective protection of the base metal is a sealed, 
pore-free coating. Parts are galvanically plated with 
tin, ^ copper, zinc, cadmium, nickel or chromium. In 
addition to the pure metals, alloys (e.g. brass) are also 
deposited. Nickel-plating without current is carried out 
to an increasing extent today. An important factor for 
corrosion protection is the position of the base and 
coating material in the so-called galvanic series, which 
orders the metals according to their dissolution 
potential, measured against hydrogen. Electro-negative 
metals are regarded as non-noble, electro-positive as 
noble. In the presence of an electrolyte the less noble 
of the two metals is always affected unless the original 
potential is changed through surface passivation (in 'case 
of Al e.g on the nobler side). The following galvanic 
series (in V) applies to potentials of the most important 
metals against hydrogen: 



Mg -2.4 0 


Cr - 0.51 


Ni -0.25 




Cu +0,35 


Al -1.69 


Fe -0.44. 


Sn -0.16 


H = + /- 0 


Ag +0.81 


Zn -0.76 


Cd -0.40 


Pb -0.13 




Au +1.38 



In case of decorative chromium plating, firstly copper 
plating, then nickel plating and in a coating thickness 
of less than 1 um chromium plating generally take place. 
Hard chromium layers (in baths with a greater current 
density and higher temperature) result, in case of 
Vickers hardness values of 800 to 1000 HV, in a very high 
wear resistance. In thicker hard chromium coatings 
residual tensile stresses form which can lead in case of 



formation of cracks to an impairment in the mechanical 
properties, in particular the dynamic strength. 

Hot dip coatings 

Through dipping in liguid molten metal (hot dip tin 
plating, hot dip zinc plating, hot dip lead plating, hot 
dip aluminium plating), corresponding alloy layers are 
formed (with the exception of lead plating) as a result 
of diffusion processes between the metal atoms of the 
liguid coating metal and the atoms of the base metal. 
When the parts are removed from the bath there is a layer 
of pure coating metal. 

In comparison with galvanic coatings, in case of hot dip 
coatings the coating thickness and hence the corrosion 
protection duration is greater (coating thickness for hot 
dip zinc plating 25 to 100 urn, for hot dip aluminium 
plating 25 to 50 urn) . An advantage of the hot dip 
coatings is that the molten metal also reaches hollow 
spaces and hard-to-reach locations. 

The workpieces must never contain completely closed 
hollow spaces (explosion risk) . 

On wide band sheet metal, Zn and Al coatings are applied 
in continuously working processes (Sendzimir process) . Al 
coatings provide' the sheet metal with good heat and scale 
resistance with improved mechanical properties in 
relation to pure Al . Both Zn and Al layers can be 
conveyed through diffusion annealing into Fe-Zn and Fe-Al 
alloy layers ( galvanealing process; calorisation) 

Metal spray coatings 

They are used with particularly large workpieces or those 
which are only to be treated locally. The metal in wire 
or powder form is thereby melted through a combustible 
gas mixture or arc and is centrifuged in the form of fine 
droplets through compressed air onto the workpiece to be 
treated. The adhesion on the upper surface is purely 
mechanical, which is why the surface should be roughened 
through sandblasting to a medium roughness. The process 
is suitable for metals with a point of fusion ' up to 
1600°C. In order to compensate for the porosity of the 
spray coatings they: are saturated with solutions of epoxy 
resins or compacted through rolling or pressing. Main 
fields of application: corrosion protection and repair oF 
parts subject to wear. 



Pressure Plasma Spraying (LPSS) is used in the 



application of protective layers against hot gas 
corrosion on industry and aero turbine blades of the type 
MCrAIY, typical layer thicknesses up to max 300 urn. 

Plating : 

It is carried out today mostly according to the method of 
roll weld plating. Either base or plating material is 
thereby enclosed in thin head plates, heated, rolled and 
the head plates are removed through pickling, or the 
plate is wrapped with the plating material, heated and 
rolled under a high rolling pressure. The plating of Al 
alloys with pure aluminium or of steel with rust- 
resistant steel, copper, nickel, monel metal or aluminium 
are usual. 

Containers in the chemical industry are from time to time 
coated by weld plating. 

Diffusion coatings 

They are produced through annealing of the workpieces in 
metal powder of the coating metal (e.g. Zn, Cr, Al, W, 
Mn, Mo, Si) in an oxygen-free atmosphere, possibly with 
the addition of chlorides at temperatures below the point 
of fusion (400°C for zinc coatings with "sherardisation", 
1000°C for aluminium with alitisation, 1200°C for 
chromium with chromising) . 

Vapour deposition of thin layers 

(CVD/PVD layers) 

In order to improve the wear and / or corrosion 
protection of workpieces and components, it is possible 
for metals, carbides, nitrides, borides and oxides from 
the gaseous phase to be deposited on tool or component 
surfaces through CVD (chemical vapour deposition) or PVD 
(physical vapour deposition). 

The CVD method is based upon solid material deposition 
through chemical gas phase reactions in the temperature 
range between 800 and 1100°C [2]. The deposition of TiC 
and TiN layers as wear protection layers is of particular 
technical significance. On account of the high deposition 
temperatures in CVD processes hard metals are preferably 
coated in case of cutting materials, and predominantly 
ledeburitic chromium steels (e.g. X210CrW12) in case of 
cold work steels. 

In contrast, in case of plasma-supported vacuum coating 
technologies of the PVD processes deposition temperatures 
below 300°C can be maintained, so that for example high 



speed steels or heat-treatable steels can be used as 
substrate materials [2] . 

As a replacement for the hard chromium layers deposited 

problems PVD technology allows Cr, CrN and Cr 2 N layers to 
be deposxted with good properties ( corrosion and r 

and ? n Tr I ^ ^ **** ln metal WOrki ^ technology 
and m automotive and mechanical engineering. 

PtAl layers are used as protection against hot qas 

ty^caTl f °\ h in t U5try Md aSr ° gaS ^ine blade's 
typical layer thicknesses up to 70 urn . 
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